In vitro and ex vivo studies assessing the impact of stress hormones on immune competence commonly replace the natural milieu of leukocytes with an artificial medium, excluding plasma factors, hormones, and cytokines. Given prevalent inconsistencies between in vitro, ex vivo, and in vivo findings, we studied whether such procedures could yield misleading outcomes regarding the impact of stress hormones on NK cell cytotoxicity (NKCC), using fresh human whole blood samples. We found that in the presence of plasma 10-30-fold higher concentrations of cortisol, epinephrine, and prostaglandin-E2 (PGE2) were required to reach suppression levels evident in the context of artificial medium. Importantly, whereas the NK suppressive effects of PGE2 occurred immediately and remained stable upon prolonged exposure, the suppressive effects of cortisol slowly increased over time. Last, to simulate the exclusion of stress factors in the ex vivo approach, we subjected whole blood to stress hormones (as occurs in vivo), and abruptly removed them. We found that the effects of epinephrine and PGE2 quickly disappeared, while the effects of cortisol persisted. Overall, these findings demonstrate the potential misleading nature of in vitro and ex vivo procedures, and specifically suggest that (i) the common in vitro findings of profound suppression of NKCC by stress hormones are overestimation of their direct effects expected in vivo; and (ii) the common ex vivo approach cannot reflect the direct in vivo suppressive effects of epinephrine and PGE2 on NKCC, while inflating the effects of glucocorticoids. Some of these fallacies may be circumvented by using non-delayed whole blood NKCC assays in humans.
Introduction
The following are authors' definitions. In vitro: ''in glass'' (Latin). Studies in which the experimental manipulations and the assessment of the outcomes are both conducted in test-tubes, petri dishes, and alike. For example, studying the impact of epinephrine on cytotoxicity of purified NK cells -all conducted in testing tubes. Ex vivo: ''out of the living'' (Latin). Studies in which the experimental manipulations are conducted in the living organism, followed by in vitro assessments of the measured outcomes. For example, subjecting animals to swim-stress, followed by blood withdrawal and in vitro assessment of NK cytotoxicity. In vivo: ''within the living'' (Latin). Studies in which the experimental manipulations are conducted in the living organism, followed by either (i) assessments of outcome indices in the living organism (e.g., imaging of a developing malignant mass or freezing behavior), or (ii) assessment of an index in an approach that undoubtedly preserves and reflects its status in the living organism (e.g., number of lung metastases counted following animal euthanasia, or serum antibody levels).
Stress and stress hormones are known to alter the function of Natural Killer (NK) cells. However, significant inconsistencies are prevalent between in vitro, ex vivo, and in vivo findings regarding the nature and direction of the effects of specific stress hormones or stress paradigms on NK cell cytotoxicity (NKCC) (Ben-Eliyahu et al., 2007) . For example, epinephrine was reported to suppress NKCC in vitro, both in human and animal blood (Takamoto et al., 1991; Whalen and Bankhurst, 1990; Hellstrand and Hermodsson, 1989; Meron et al., 2013) , through activating NK cell adrenergic receptors and the consequent increase in intracellular cAMP levels (Whalen and Bankhurst, 1990) . However, ex vivo human and animal studies reported contradictory results; many have demonstrated that administration of epinephrine, acute stress exposure, or exercise enhances NKCC (Greisen et al., 1999; Pedersen et al., 1988; Schedlowski et al., 1993; Tarr et al., 2012; Tonnesen et al., 1987 Tonnesen et al., , 1984 , whereas some have reported suppression of NKCC (Shakhar and Ben-Eliyahu, 1998; Ben-Eliyahu et al., 1999; Andersen et al., 1998) . Animal studies employing in vivo procedures generally inferred a suppressive effect of epinephrine on NK activity (Shakhar and Ben-Eliyahu, 1998; Ben-Eliyahu et al., 2000; Rosenne et al., 2014; Inbar et al., 2011). http://dx.doi.org/10.1016/j.bbi.2014.12.020 0889-1591/Ó 2014 Elsevier Inc. All rights reserved.
